Spinal cord injuries result after diving into shallow water, often after incautious jumps head first into water of unknown depth during recreational or sport activities. Mortality is generally due to upper cervical trauma. The authors present a case of a diving-related death in a young woman who underwent medicolegal investigations. The measured water depth at the supposed dive site was 1.40 m. Postmortem radiology and autopsy revealed fractures of the body and the posterior arch of the fifth cervical vertebra, a fracture of the right transverse process of the sixth cervical vertebra and hemorrhages involving the cervical paraspinal muscles. Neuropathology showed a posterior epidural hematoma involving the whole cervical region and a symmetric laceration of the spinal cord located at the fourth and fifth cervical vertebra level, surrounded by multiple petechial hemorrhages. Toxicology revealed the presence of ethanol in both blood and urine samples. The death was attributed to cervical spine fracture (C5-C6), spinal cord contusion, and subsequent drowning. This case highlights the usefulness of postmortem radiology, examination of the deep structures of the neck, toxicology, neuropathology, and a detailed research of signs of drowning to formulate appropriate hypotheses pertaining to the cause and mechanism of death.
S pinal cord injuries resulting from trauma during recreational or sport activities represent 10.4% of all spinal injury admissions. 1, 2 More than 75% of patients with sports-related spinal cord injuries are younger than 30 years. Recreational diving has long been a substantial contributor to spinal injuries, especially in healthy, young, amateur male divers during the summer months. 1, 3 Neurological sequelae causing severe disability are the most frequent complications in these patients. 4 Mortality is generally due to upper cervical trauma. According to the National Spinal Cord Injury Statistical Center, 8% of deaths in patients with spinal cord injuries are a consequence of diving lesions. 1 Diving-related spinal cord injury rates reported in scientific literature throughout the world vary considerably among studies. Indeed, it has been postulated that the true incidence of divingrelated spinal cord injuries is likely underestimated because some may have occurred in victims whose cause of death was determined to be drowning in the absence of targeted postmortem investigations. 5 The truthfulness of this statement may be somewhat confirmed by the fact that case reports and epidemiological studies focusing on fatal diving-related spinal cord injuries are relatively scant in the postmortem setting.
We herein present a case of a diving-related death in a young woman who underwent medicolegal investigations. A review of the literature pertaining to this topic is also provided.
Case History and Postmortem Findings
The corpse of a 28-year-old white woman was found in a lake by her friends at about 9:00 PM in July. The corpse was floating on the surface of the lake in prone position, head submerged, 18 m from the shore, and approximately 2 m from her friends' motor boat. These latter reported that they had decided to stop the boat at 8:15 PM about 20 m from the shore, have some drinks, and go for a swim. Alone, the woman took a dive into the lake from the boat while her friends were still on board. After 30 minutes, since she had not returned to the boat, they started looking for her and found her shortly thereafter. She was 2 m from the motor boat in a state of unconsciousness. She was immediately lugged on board, where cardiopulmonary resuscitation was attempted, though unsuccessfully. A slight quantity of water came out of her mouth during resuscitation attempts.
Due to unclear circumstances of death, a medicolegal autopsy was requested by the public prosecutor. The measured depth of the lake at the point where the boat stopped (20 m from the shore) was 1.40 m.
Unenhanced computed tomography (CT) performed before autopsy revealed a fracture of the body and the posterior arch of the fifth cervical vertebra as well as a fracture of the right transverse process of the sixth cervical vertebra ( Fig. 1 ). Postmortem CT angiography revealed loss of contrast material in the paravertebral muscles of the cervical region likely corresponding to hemorrhages of traumatic origin.
At external examination, a 1.2-cm diameter fresh red bruise was observed in the frontal region, 1 cm from the bridge of the nose and close to the midline. Fresh, red bruises were also noticed during autopsy on the frontal scalp close to the middle line.
The pericardial sac was unremarkable with no contusions, effusions, or adhesions. No hemorrhages or contusions of the epicardium were found. Examination of the heart did not reveal any hypertrophy or dilatation. The myocardium did not exhibit fibrosis or ischemic areas, and the coronary arteries did not present morphological abnormalities. No frothy fluid was noticed in the lower airways.
The stomach contained an estimated 430 g of brownish material, essentially solid, with unidentifiable fragments of partially digested food. No water was observed in the stomach or the duodenum. The spleen, liver, and kidneys did not show any significant, macroscopic changes.
Examination of the deep structures of the neck showed hemorrhages involving the cervical paraspinal muscles. Neuropathology was performed on the brain, cervical column (cervical vertebrae C1 to C7), and cervical spinal cord. The brain did not reveal any abnormalities. Macroscopic examination of the cervical column confirmed the presence of fractures of the body and the posterior arch of the fifth cervical vertebra as well as of a fracture of the right transverse process of the sixth cervical vertebra. A posterior epidural hematoma involving the whole cervical region was observed ( Fig. 2) , whereas the anterior region of the spinal canal was essentially unremarkable. No macroscopic bone fragments were found in the spinal canal. The coronal section of the spinal cord located at the fourth and fifth cervical vertebra level revealed a diffuse, symmetric red discoloration ( Fig. 3 ). This corresponded, microscopically, to a symmetric laceration of the spinal cord at these levels surrounded by fresh, multiple petechial hemorrhages. Immunohistochemical staining for β-amyloid precursor protein was negative. Prussian blue staining did not show intracellular iron accumulation.
Microscopically, the heart revealed no evidence of contraction band necrosis, subendocardial hemorrhage, or acute myocardial ischemia. The lungs showed alveolar and interstitial macrophages containing anthracotic pigment.
Toxicology included ethanol and other volatile compound determination as well as general screening for nonvolatile drugs, poisons, and metabolites by gas chromatography-mass spectrometry using commercial mass spectrum libraries, high-performance liquid chromatography with diode-array detection, and headspace-gas chromatography flame ionization detector for volatile compound analysis. Toxicology revealed the presence of ethanol in both blood and urine samples (1.55 and 2.32 g/L, respectively). Toxicology and biochemistry were otherwise unremarkable.
Considering the low level of the spinal cord injury and the presence of water in the mouth, death was attributed to cervical spine fracture (C5-C6), spinal cord contusion, and subsequent drowning.
DISCUSSION
Injury to the cervical spine and spinal cord results after diving into shallow water, often after a poorly performed dive or incautious jump head first into water of unknown depth during recreational swimming. 4 Numerous accidents also occur because a diver fails to check water depth before diving. The diver may return to a familiar area or diving spot, unaware that a drought or other change in conditions has substantially lowered the water level. 3 The low water level allows the diver's head to strike the bottom surface and stop suddenly. Because a diver accelerates in velocity as he/she dives into water, this abrupt cessation on impact causes injury. Diving injuries have also been reported after striking another swimmer or unseen, submerged object. 3, 4, 6, 7 A head velocity greater than 10 ft/s (3 m/s) is usually sufficient to cause injury, with most fractures occurring at C5 to C7 vertebral levels. These segments are more prone to injury because they form the functional axis of rotation between the head and trunk and are capable of a wide range of motion. This is further exacerbated by the relatively smaller size of the vertebral canal at the midcervical level, the minimum protection offered by bones and soft tissues as well as the lack of flexibility of the actual spinal canal. At these vertebral levels, spinal cord injuries result in tetraparesis or tetraplegia, respectively. Associated injuries involving other organs or systems are usually uncommon in diving accidents and the incidence of reported near drownings is relatively low. 1, [4] [5] [6] [7] [8] Cervical spinal cord injury often leads to an interruption of the descending bulbospinal respiratory pathways, resulting in respiratory muscle paresis and/or paralysis; the more rostral the level of the injury, the greater the likelihood that a major respiratory impairment will occur. Injuries higher than C3 cause death instantly unless ventilation is immediately secured. 9 The head and cervical position (extension, flexion, rotation, or neutral position of the cervical spine) on impact determines the different mechanisms of lesion. 1 Flexion with or without axial compression is the usual mechanism of diving injuries. [5] [6] [7] Axial force acting on the neck in flexion may result in vertebral fractures. The most common fractures are wedge fractures and compression fractures. Wedge fractures are the result of pressure exerted on the anterior elements of the vertebral body, causing it to be wedged between adjacent segments. Compression fractures occur when the vertex of the head undergoes direct impact. 3, 5 Vertebral fractures may be followed by displacement of fragments toward the spinal canal with subsequent spinal cord injuries, particularly to the anterior part. Alternatively, posterior displacement of an intervertebral disc or partial dislocation of the posterior vertebral fragment into the spinal canal may occur, causing spinal cord compression. 1, 3, 5 Other mechanisms, such as lateral flexion or hyperextension, may also, though less frequently, produce injury. Hyperextension spinal injuries can also result from flat, head-first dives into shallow water, or by trying to slow the dive by suddenly extending the neck just before impact. 5, 7 In an extreme movement (hyperextension, hyperflexion), the compressive force is not homogeneously absorbed by the cervical structures. The severity of the trauma and the secondary lesions are also directly proportional to the speed and degree of flexion or extension experienced during the impact. 1, 5 Occasionally, a diver may enter the water in an unconventional manner, producing a mechanism essentially comparable to that of a fall. 7 Alcohol consumption precipitates many diving-related spinal injury accidents. It has been reported that as many as 50% to 80% of these spinal injury victims had consumed alcohol and/or drugs prior to the accident. The risk of spinal injury during recreational activities increases with alcohol consumption due to impairment in perception, cognition, information processing, and awareness of external and internal cues as well as augmentation in risktaking behavior. Judgment, including that of distance, height, and depth, is affected, and reflexes are slowed, thus making diving extremely dangerous. Reckless behavior plays an important part in accidents of this type, with many of these injuries resulting from dives from roofs, balconies, water slides, and other makeshift diving platforms. Apart from alcohol abuse and recklessness, firsttime diving and inadequate lighting, or lack of, are considered other important contributing factors. 3, 4, 7, 10 Diving accidents tend to be relatively low-velocity injuries, therefore water depth appears to be a critical factor. It has been observed that diving safely into 1.52 m of water requires advanced skill: with a near vertical entry angle and travelling velocity at this depth, such a dive may result in a vertebral fracture. Numerous clinical studies have reported that 89% to 100% of diving injuries occurred in water of 1.52 m or shallower. According to other observations, 90% to 94% of diving injuries happened in water of less than 1.83 m. On the other hand, water that is chest deep or slightly over the diver's head may be perceived as sufficient for diving. Consequently, a larger incidence of spinal cord injuries is the result of diving into water of 1.22 to 1.68 m. 1, 5, 11 In the case herein described, the measured water depth at the supposed dive site was 1.40 m. According to the data reported in the literature, diving at such a depth is frequently associated with vertebral fractures and spinal cord injuries. The bruises observed on external examination and autopsy in the frontal region and frontal scalp, both close to the midline, are consistent with a typical mechanism of "diver's head striking the bottom." The CT and neuropathology allowed the cervical lesions to be precisely identified. Moreover, fracture (C5-C6) and spinal cord injury localization in this case are among those classically described in such accidents. Lastly, alcohol consumption (1.55 g/L in the blood), inadequate lighting, and the subsequent underestimation of water depth might have all contributed to the incautious behavior.
The level of the spinal cord injury in this case is not associated with major respiratory impairment and instant death, typically observed in situations of upper vertebral and subsequent spinal cord trauma. Based on all these findings, the death was attributed to cervical spine fracture (C5-C6), spinal cord contusion, and subsequent drowning.
To conclude, cervical vertebral fractures and spinal cord injuries with fatal outcome may occur after incautious diving in shallow water. Since mortality resulting from diving-related spinal injury is typically associated with upper cervical trauma, radiological investigations, examination of the deep structures of the neck, neuropathology, and a detailed research of signs of drowning are instrumental in formulating appropriate hypotheses pertaining to the cause and mechanism of death.
